Introduction
Idiopathic pulmonary fibrosis (IPF) is a chronic fibrotic lung disease of unknown cause which is diagnosed predominantly in elderly males [1] . The relentlessly progressive course of the disease leads to premature disability and death, with a median survival of 2-4 years after diagnosis [1] . A definite diagnosis of IPF requires histologic or radiologic (high-resolution computed tomography) evidence of an usual interstitial pneumonia (UIP) pattern and the exclusion of known causes of pulmonary fibrosis [2] . Pirfenidone has been shown to reduce the decline of pulmonary function and exercise tolerance in mild to moderate IPF and is currently approved in the EU and Japan for the pharmacological treatment of IPF. Alternatively, n-acetylcysteine may also reduce the decline of lung function and is used off-label to treat IPF. Currently available pharmacological therapies are capable to slow disease progression and physical deterioration, but improvements are rarely observed and cure is illusive [1] . In addition, long-term oxygen therapy (LTOT) and supportive therapies for cough and comorbidities are offered to the patients [1] . In the face of a severe and fatal disease, lung transplantation is a viable treatment option for eligible patients who, however, are a minority within the IPF population, mainly due to progressed age and comorbidities [1] . Taken together, quality of life, exercise capacity, and life expectancy are severely impaired in IPF patients, and available treatments -except for lung transplantation -are palliative [3] . Therefore, pulmonary rehabilitation (PR) may be of added value for stable IPF patients in an attempt to improve their ability to cope with daily living.
The Rationale for PR in IPF Patients
IPF is a chronic progressive lung disease leading to increasing levels of dyspnea, dry cough symptoms, and fatigue, inducing reduced exercise capacity and health-related quality of life (HRQL) [4] . For patients with chronic obstructive pulmonary disease (COPD), there is a great deal of evidence that PR programs have various significant and clinically meaningful benefits such as improved exercise capacity, HRQL, and symptoms of dyspnea. COPD patients are especially limited by impaired respiratory mechanics, hyperinflation, and musculoskeletal dysfunction. The benefits of PR in these clinical outcome parameters have been widely investigated and are well proven in patients with COPD [5] [6] [7] . In patients with IPF an impaired gas exchange seems to be the major cause of exercise intolerance [1, 8, 9] .
After dyspnea, the most important symptoms patients of both chronic lung diseases also suffer from are extrapulmonary manifestations like reduced exercise tolerance and HRQL, fatigue, and/or anxiety and depression [9] [10] [11] [12] [13] .
Even if IPF and COPD are entities with very different pathophysiological mechanisms, in many respects they lead to some similar limitations for patients' everyday life and thus may reflect a similar burden of disease. With regard to these similarities, it seems plausible that PR may also be beneficial in patients with IPF.
PR as a comprehensive, multidisciplinary program uses a combination of exercise training, education, and behavior modification techniques to optimize functional capacity, improve self-management, reduce symptoms, and increase participation in activities of daily living (ADL) in patients with chronic lung disease [6] . As IPF is a disease with a limited response to conventional pharmacological treatment [14] , PR as a nonpharmacological approach may be promising also in these patients. The American Thoracic Society (ATS)/European Respiratory Society (ERS) statement on PR from 2006 expressed that '… there are no formal evidence-based guidelines regarding the exercise prescription or response to exercise training for patients with respiratory disorders other than COPD. Therefore, recommendations for PR concerning these diseases can only rely on expert opinion based on knowledge of the underlying pathophysiological and clinical experience' [6] . The ATS/ERS statement is currently being updated and will be published in 2013. Most likely the level of evidence of PR in patients with IPF can be expected to be strengthened. However, an official statement [1] of the ATS, the ERS, the Japanese Respiratory Society (JRS), and the Latin American Thoracic Association (ALAT) concluded that '… the recommendation for PR in patients with IPF is weak. Nevertheless, it is stated that … PR should be used in the majority of patients with IPF, but not using PR may also be a reasonable choice in a minority. Further research is very likely to have an important impact on the boards' confidence in the estimate of effect and is likely to change the estimate' [1] .
Since IPF is known as a heterogeneous disorder in terms of disease progression, response to therapy, and prognosis [1] , the optimal timing of PR in the disease trajectory is still unknown and requires further elaboration [15] . It is still unclear whether the decline in functional capacity could be decelerated or delayed if patients are referred to PR in any phase of the disease. So far there is no data showing the potential influence of PR on the clinical course or even on the prognosis of the disease. This review will highlight the current knowledge concerning the various components of a comprehensive PR process.
Exercise Training Regimens in IPF
The authors of the current review identified via a literature search 7 studies that investigated PR in patients with IPF ( table 1 ) . PR duration varied from 6 to 12 weeks and was applied mostly as outpatient PR. In only a few studies was PR offered in a home-based fashion. Most studies included only a small sample size (n = 17, 17, 21, 25, 30, 34, 45 , and 65) and varied in scientific quality (from prospective, observational studies without a control group to randomized, controlled trials). In all of these studies exercise training was the major component. All trials provided a combination of endurance and strength training modalities as is also recommended in patients with COPD [16, 60] . Endurance training was performed on a stationary cycle ergometer or as a walking program on a treadmill or on the ground. If specified, cycling training was applied for sessions of 5-30 min. Training intensity was adjusted either to 50% [17, 18] or to 80% [19] of the peak work rate (PWR), to the target heart rate at the ventilatory threshold [20] , or to 60% of the predicted maximum heart rate for that age [21] . All cycle training protocols were based on continuous endurance training programs. None of the studies provided information on the feasibility of those endurance training protocols. When available, walking-based training programs were applied at 80% of the 6-min walk test (6MWT) speed [19, 22] or at 60% of the predicted maximum heart rate for that age [21] . In the study of Kozu et al. [18] , a ground walking-based endurance training program for severely disabled IPF patients [n = 15, forced vital capacity (FVC) = 51% predicted, MRC scale 5] was conducted using an interval training approach (1 min at 100% of the 6MWT speed in turns with 1 min of 50%). No information was provided on the total exercise duration or on how the patients controlled their walking speed on the ground. Strength training regimens within these studies included even more heterogeneous approaches. Most studies [19] [20] [21] [22] did not provide detailed information on how resistance training was applied. It was only mentioned that 'functional strength training was performed'. Other studies [17, 18, 23] described that 1-3 sets of 10 repetitions of strength training for the upper and lower limbs were used. None of the studies provided any information about the level of intensity at which resistance training was performed.
The analyzed studies showed, in general, large variations in the described exercise modalities, duration, and intensity. Therefore, it is not possible to derive any consistent training protocol for an ideal exercise training program from the included studies. However, even different training regimens seem beneficial for patients with IPF, if applied.
No exercise-related adverse effects were mentioned in any study. This finding supports the conclusion of a Cochrane Review which stated that physical training is safe for subjects suffering from interstitial lung disease (ILD) [24] . 
Education and Breathing Retraining
An educational part was also a component of PR programs in several studies. In most educational programs information on breathing techniques, coping strategies, pacing during ADL, and energy conservation were provided [17] [18] [19] 21] . None of these trials offered detailed information on the specific content of these education sessions. Further studies should evaluate the particular needs of IPF patients and develop IPF-specific educational programs.
One of the most highlighted parts of the patient educational programs was breathing retraining. Since pursedlip breathing (PLB) is one of the most favored breathing techniques in patients with COPD [25] , it remains unknown whether patients with IPF would also benefit from PLB. Although most studies that provided breathing retraining to IPF patients also used the PLB technique, the respiratory pathophysiologies of COPD and IPF are very different. Since patients with IPF do not suffer from obstructed airways, it is not likely that positive expiratory pressure breathing may be helpful primarily. Use of an intense PLB technique could increase the work of breathing in patients with restrictive lung diseases. The respiratory pathophysiology in IPF requires an increased breathing frequency, especially during physical activity. However, some patients tend to develop an unnecessary degree of hyperventilation. In order to regain breathing control, a slight PLB technique could be helpful to adjust the breathing frequency to an appropriate level even in IPF patients.
Generally, in IPF the emphasis in breathing retraining should be on teaching those techniques for breathing control and diaphragmatic effort to prevent tachypnea and anxiety and to improve gas exchange [26] . Since many IPF patients develop rigid rib cage structures, thoracic expansion exercises or stretching of the thoracic muscles may also be beneficial in patients with restrictive lung diseases.
Exercise Capacity
Only one of the studies [19] was performed as a randomized controlled trial investigating PR versus a control group in patients with IPF. Twenty-eight patients (FVC = 69% predicted) were randomly assigned either to a 10-week outpatient PR program (n = 13) mainly consisting of exercise training or to a control group. The control group (n = 15) did not receive any physical intervention. Measurements lung function, arterial blood gases, or dyspnea intensity revealed no significant effects of PR. Nevertheless, the 6-min walk distance (6MWD) improved significantly only in the PR group, whereas it remained unchanged in the control group (mean difference between groups in change from baseline 46.3 m; p < 0.01; 95% CI 8.3-84.4 m).
All other studies except for one [20] included in this review also found significant short-term improvements in exercise capacity in patients with IPF following PR. Exercise capacity was mainly determined by the 6MWD. Only half of the studies [18, 19, 21, 23] achieved an increase in walk distance above the expected minimal important difference (MID) of about 28 m for IPF patients [27] ( fig. 1 ). There were no obvious different variables with regard to the study populations (disease severity etc.) or to the different PR programs that might have explained these heterogeneous results.
In a small trial [20] (n = 13 IPF patients, FVC = 67% predicted) no changes in 6MWD (383 ± 115 vs. 375 ± 101 m; n.s.) following a mostly unsupervised 8-week homebased PR program were observed. Nevertheless, a significant decrease in maximum heart rate during the 6MWD was reported (120 ± 19 vs. 101 ± 12 bpm; p < 0.01). Surprisingly, patients showed an endurance time which was twice as high after PR (7.4 ± 9.1 vs. 14.1 ± 12.0 min; p < 0.01) on a cycle ergometer while breathing room air. This might be due to the fact that this PR program was mainly focused on a cycling-based exercise program. However, the small sample size of this study has to be considered.
Kozu et al. [17] also evaluated changes in quadriceps strength in 36 IPF patients (FVC = 69% predicted) following an 8-week outpatient PR program and reported an increase of 10% in the maximal isometric knee extension maneuver. This is substantially less than what can be expected in patients with COPD. On average, COPD patients have been shown to improve their quadriceps strength after PR by up to 25% [28] .
Also the disease severity of IPF may play a role in improving exercise capacity after PR, although there are inconsistent findings. A Japanese study [18] enrolled 65 IPF patients (FVC = 65% predicted) in an 8-week PR program. Subjects with Medical Research Council (MRC; grades 1-5) grades 2, 3, and 4 [29] underwent a supervised outpatient program, whereas subjects with MRC grade 5 participated in an unsupervised, home-based program including a visit from a home care provider every 2 weeks. In this study only patients with MRC grades 2 and 3 improved their 6MWD significantly. In contrast, patients with MRC grade 4 showed only small improve-ments, and those with grade 5 showed no improvements. In contrast to these findings, a recently published study by Huppmann et al. [30] investigated a specialized, comprehensive, 4-week inpatient PR program in 402 German patients with ILD (including 202 IPF patients, mean VC = 53% predicted). The improvement in 6MWD after PR was 45 ± 55 m (range -130 to 236 m), approximately 15% of the baseline value (p < 0.001). Of all of the variables tested (age, gender, BMI, smoking history, use of LTOT, baseline FVC, baseline 6MWD, and baseline dyspnea), only the baseline 6MWD was a significant predictor of change in 6MWD. The mean improvement in 6MWD was higher in patients with a short baseline 6MWD ( fig. 2 ) . A subgroup analysis showed significant improvements in ILD patients independently of their underlying form of ILD ( fig. 3 ) .
What might be possible reasons for such contrasting results between the publications of Kozu et al. [18] and Huppmann et al. [30] ? Firstly, in the study by Kozu et al. [18] the most disabled patients (MRC grade 5) with a mean vital capacity (VC) of 51% predicted underwent home-based and mostly unsupervised exercise training, which might not be the ideal approach for such severely impaired patients. Secondly, the MRC dyspnea scale may not be an appropriate tool to categorize and predict the changes in 6MWD in IPF patients. As the study by Huppmann et al. [30] investigated a very large and equally disabled population (n = 202 IPF patients, mean VC 53% predicted), the authors assumed that an intensive supervised PR might be more appropriate, especially in IPF patients with a severely impaired physical condition. This association was also confirmed by a retrospective study [31] that examined the effects of PR in 99 patients with ILD (mean FVC = 62% predicted, n = 50 with IPF). These H u p p m a n n e t a l. authors also reported a negative correlation between lower baseline 6MWD and a greater increase following PR. However, since exercise capacity has been recognized as a crucially important prognostic factor in IPF [32, 33] , PR should mainly focus on improvement of the physical condition in those patients.
Quality of Life
Almost all of the studies in this review used different assessment measures to evaluate HRQL. Only two studies [21, 23] used the short-form 36-item (SF-36) questionnaire (scale 0-100), a disease-unspecific health survey tool. After a 12-week home-based PR program (n = 15 IPF patients, FVC = 72% predicted), Ozalevli et al. [23] found significant improvements after PR in 3 out of 8 SF-36 domains, i.e. general health (57 vs. 74 points, p < 0.05), physical role (25 vs. 68 points, p < 0.01), and emotional role (29 vs. 65 points, p < 0.05). Since the MID for the SF-36 questionnaire in IPF is assumed at a range of 2-4 points [34] , these improvements would represent a tremendous increase in these domains. However, from our perspective, this degree of improvement in SF-36 domains raises doubts. In contrast, Swigris et al. [21] found no significant improvement in any SF-36 domain after a 6-week outpatient PR program in 21 IPF patients (FVC = 73% predicted), but they did find a possibly clinically relevant increase of 3.0 ± 2.1 in the physical component summary score. However, at least fatigue, a very bothersome symptom, was significantly reduced in this study (fatigue severity scale 4.2 vs. 2.7; p = 0.01).
Nishiyama et al. [18] used the Saint George respiratory questionnaire (SGRQ) to evaluate HRQL during a 10-week outpatient PR in 30 IPF patients (FVC = 69% predicted). Only the change in total SGRQ score reached a significant difference in favor of the PR group versus the control group not receiving PR (6.1 points, betweengroup difference, p < 0.05). In patients with IPF, an improvement in SGRQ score of 5-8 points is estimated to be the MID [34] .
Although several studies reported inconsistent results on HRQL, there is a strong indication that PR reveals HRQL benefits to a clinically relevant extent in IPF patients.
Dyspnea
To evaluate dyspnea as one of the most relevant disease-specific symptoms, the dyspnea domain of the chronic respiratory questionnaire (CRQ) with an assumed MID threshold of 2.5 points [35] was used in the study by Holland et al. [22] . After an 8-week outpatient PR program (n = 25, FVC = 76% predicted), an improvement of 2.7 ± 5.6 points (p > 0.05) could be reached in the CRQ dyspnea domain. At program completion, 59% of the IPF patients had achieved improvements in dyspnea exceeding the MID. This is less than the rate detected in a population of 19 patients with non-IPF ILDs (67%) in this trial.
Two other studies [17, 18] investigated the effect of PR on dyspnea using Mahler's transition dyspnea index (TDI) [36] . This interviewer-administered questionnaire provides a multidimensional measurement of dyspnea that evokes dyspnea in ADL. With an overall increase of 0.8 ± 1.7 points after an 8-week outpatient PR, these studies failed to show a significant or clinically relevant improvement in dyspnea, except for IPF patients categorized as MRC grade 2. These patients were able to improve their TDI by 1.6 points (95% CI 1.0-2.3), which is closely above the discussed MID of 1.5 points in patients with ILD [37] . Rammaert et al. [20] assessed breathless- 96 ness using a visual analog scale (0-10 points) and found a significant reduction (5.8 ± 1.8 vs. 5.1 ± 2.4; p < 0.025) in dyspnea in IPF patients following an 8-week homebased PR.
PR in IPF versus Non-IPF Patients
The above mentioned recently published study [30] evaluated 402 patients with ILD (including 202 IPF patients, mean VC = 53% predicted) following a 4-week inpatient PR program. The authors found significant and clinically relevant improvements in functional exercise capacity (increase in 6MWD 46 ± 3 m) as well as HRQL (SF-36 physical component score +6 ± 1 points; SF-36 mental component score +10 ± 1 points; both p < 0.001). These benefits were independent of the underlying disease (IPF, cryptogenic organizing pneumonia, hypersensitivity pneumonitis, sarcoidosis, and others) ( fig. 3 ). Patients with signs of pulmonary hypertension (PH) showed a decreased baseline 6MWD (277 ± 12 vs. 322 ± 8 m) and improved their 6MWD significantly less than did patients without PH (36 ± 6 vs. 48 ± 3 m, p = 0.045). However, the increase in 6MWD in ILD patients with PH was still significant and clinically meaningful [27] .
In contrast, Holland et al. [22] found greater and more sustained benefits from PR when IPF severity was still mild, whereas those with other types of ILD achieved benefits regardless of disease severity. In IPF, greater improvements in 6MWD following PR were associated with a higher FVC (r = 0.49, p = 0.01), less exercise-induced hypoxemia (r s = 0.43, p = 0.04), and lower right ventricular systolic pressure (r = -0.47, p = 0.1). Moreover, patients with IPF also tended to improve their functional exercise capacity less than those with other types of ILDs (6MWD 21 ± 58 vs. 43 ± 56 m, p = 0.21). Improvements in 6MWD that exceeded the MID occurred in 40% of patients with IPF compared to 52% of those with other forms of ILD (p = 0.41). A comparable cluster could be found concerning improvements in patients' dyspnea rating. The CRQ dyspnea domain improved slightly less in IPF patients compared to other types of ILD (2.7 ± 5.6 vs. 4.6 ± 5.2 points, p = 0.25).
Since ILD is a heterogeneous group of disease, these authors hypothesized that patients with IPF would generally demonstrate greater abnormalities of exercise-induced hypoxemia [38, 39] and tend to improve less following PR [22] . The latter would not be in accordance with the findings of Huppmann et al. [30] .
Moreover, when comparing the effects of an identical PR program for patients with COPD or IPF, COPD patients showed greater improvements in all outcome parameters compared to IPF patients (6MWD 53 vs. 16 m, quadriceps force 5.4 vs. 2.0 kg, TDI score 1.8 vs. 0.8 points; all between-group differences with p < 0.05) [17] . So far the underlying reasons for the different responses to PR between the two diseases remain unclear.
Maintenance of PR Benefits in IPF
In patients with COPD it is known that the benefits of PR can be maintained for up to 12-18 months [6] . To date there is no reliable evidence of long-term effects of PR in patients with IPF. In a single small study [40] including 34 patients (FVC = 76% predicted), no effects of physical training on exercise capacity, HRQL, or survival could be preserved over a period of 6 months after PR. Only a small subgroup with severe disease still had significantly improved HRQL compared to controls at that time. It also seems to be much more unlikely for patients with IPF to preserve benefits of PR compared to other forms of ILD. Six months after PR, only 35% of patients with IPF had maintained gains in 6MWD that exceeded the MID, compared to 41% of patients with other types of ILD. Also, improvements in dyspnea above the MID were observed in non-IPF patients more often compared to IPF patients (56 vs. 24%; p < 0.05) at 6 months after PR. However, in another small study Naji et al. [41] (n = 15 ILD patients, no notification on IPF) reported improvements in exercise capacity that were still maintained 1 year after PR. The authors even found a sustained and significant reduction in hospital admission days noted 1 year after the intervention.
In a Japanese study [17] , the limitations of ADL were assessed using a standard scoring system [42] . This ADL score evaluates 6 basic daily activities (feeding, transfer, dressing, bathing, shopping, and transportation). The ADL score improved significantly after an 8-week PR program and this was the only outcome parameter that could be preserved over a 6-month follow-up period (3.7 ± 1.2 vs. 4.8 ± 1.1 vs. 4.3 ± 1.2; all p < 0.01). At follow-up all other parameters (6MWD, quadriceps force, SF-36, MRC grade) declined to baseline values before PR. The finding that the ADL score was preserved at follow-up was explained by the patient education component that aimed to improve the ability of subjects to perform ADLs.
The duration of the PR program may also play a certain role. One study [43] investigated 10 patients with ILDs (FVC = 47% predicted) and observed highly relevant benefits in clinical outcome parameters after 12 weeks of PR, with an even greater gain when the program was extended to 24 weeks (6MWD baseline 321 ± 155 m vs. 400 ± 184 m vs. 428 ± 211 m; each p < 0.05). Nevertheless, for many health care systems it might be difficult to establish such long-lasting PR programs. Indeed, a conceivable solution could be to instruct and motivate patients to maintain home-based follow-up training modalities in order to sustain PR benefits [44] .
Unmet Needs for an IPF-Specific PR Approach
The question of which aims should be addressed and which components ideally should be included in an IPFspecific PR program remains unanswered. It is not yet known which modifications of PR programs for IPF patients may be useful or necessary in comparison to PR programs for patients with COPD. However, one study [17] could show that a PR program based on guidelines for subjects with COPD had a lower efficacy when applied to individuals with advanced IPF. These results suggest either that a disease-specific modification of PR programs might be necessary in IPF or that the response to the various components of PR may be more limited due to the different underlying pathophysiologies of ILDs, especially IPF.
Nevertheless, with regard to the above described studies, it seems to be likely that individually tailored exercise training (a combination of aerobic endurance and strength training) may also be an important component in PR in patients with IPF. Exercise training was the only modality applied in all studies that investigated PR in IPF. To date, it is unclear whether IPF patients would require different training strategies than COPD patients. Especially for more severely disabled IPF patients, endurance training may be more feasible when applied as an interval training mode with short bouts of high-intensity cycling alternating with longer periods of rest as shown in advanced COPD [45] . One can speculate that this might be even more important since IPF patients seem to perceive higher degrees of dyspnea on exertion [46] and thus a more pronounced limitation in endurance capacity compared to patients with COPD. Furthermore, disease-specific education including coping skills and self-management plans for situations of severe dyspnea in order to prevent or to reduce panic attacks, stress, anxiety, and/or depression could be a useful component in an IPF-specific PR program. Additionally, disease-specific breathing retraining sessions (e.g. respiratory control or reducing tachypnea) as well as teaching energy conservation strategies may also be helpful adjuncts for the patients' daily life. As we have learned from COPD patients, the issue of psychiatric comorbidities such as anxiety, panic, and/or depression [47] as well as end-of-life communication [48] represents a relevant part of the burden even in early phases of the disease. It is most likely that in IPF patients these issues should be considered and addressed in the general disease management. PR may be an appropriate 'window of opportunity' to deal with these problems. Studies in this area are lacking.
The role of oxygen supplementation (LTOT) in patients with hypoxemia during exertion and/or at rest (not addressed in the discussed trials but probably of high clinical relevance) has to be discussed and evaluated in the future. Currently the IPF-specific guidelines include a strong recommendation, albeit with very low-quality evidence, for the use of LTOT [1] . In our opinion, sufficient compensation in oxygen deficiencies may be an important key for increasing the ability of IPF patients to perform and to sustain any kind of physical activity. However, potential negative effects of oxygen, although never reported in IPF patients, have to be considered and ruled out. Consequently there is definitely an unmet need for further studies in this area.
New training modalities besides conventional exercise methods, such as neuromuscular electrical muscle stimulation [49, 50] , inspiratory muscle training [51, 52] , whole-body vibration training [53] , or noninvasive ventilation [54, 55] , have been shown to be beneficial in patients with advanced COPD. It could be hypothesized that these therapeutic interventions may also be useful in IPF. The same may be true for alternative exercise and relaxation techniques like tai chi or yoga which have recently been shown to improve HRQL and even lung function [56] [57] [58] in COPD. Still, there remain many unanswered questions for an IPF-specific PR program: what is the optimal duration and intensity for PR? What is the ideal timing for PR in disease progression? What strategies can be established to preserve PR benefits over time?
Conclusion
Although positive short-term effects of PR in patients with IPF have been reported in several studies, its role in the context of an available therapeutic option has yet to be established. Future studies have to evaluate if there is a need for a standardized IPF-specific PR program also addressing psychiatric comorbidities and including endof-life communication. Moreover the optimal timing and duration of PR have to be detected. According to the still low level of evidence for PR, only a minority of patients with IPF have been referred to PR. Currently, many physicians as well as patients themselves still believe that exercise training may not be feasible or may even be harmful [59] . Data from this review show clinically important effects (at least on a short-term basis) for patients across the spectrum of different types of ILD. Thus PR may evolve into a meaningful additional option in the treatment of patients with IPF in the future. As has been demonstrated in COPD, the inclusion of exercise training performed most likely as a combination of endurance and resistance training seems to be the most important component and might become highly recommendable. Additionally, a disease-specific educational program as well as special breathing retraining sessions may also be useful adjuncts to augment patients' disease management.
Based on our current knowledge, admission criteria for PR programs should also include the group of IPF patients and facilitate their early and repetitive participation. Future research is needed and should focus on the proof of concept that PR is effective in IPF patients and that the benefits can be preserved over time, thus positively impacting the clinical course of the disease. In the long run it must be evaluated whether there is a need for IPF-specific PR programs as an important part of this nonpharmaceutical therapeutic approach.
